Objective: Heart rate turbulence (HRT) indicates the impairment of cardiac autonomic function. With the literature containing insufficient information on HRT in stable coronary artery disease (CAD), this study aimed to investigate the role of HRT in patients with stable CAD.
Results: There was a significant difference in HRT parameters between the 2 groups. TO: 0.47±1.52% vs. -1.61±2.0% (p=0.001) and TS: 4.7±3.0 vs. 6.4±3.7 ms/RR (p=0.009) in patients with CAD and control group respectively. Given also that TO ≥0% and TS ≤2.5 ms/ RR values are considered abnormal, there was significant difference between the two groups; TO abnormal: 27 patients (46.6%) vs. 7 patients (13.5%), p=0.001, and TS abnormal: 15 patients (25.9%) vs. 4 patients (7.7%), (p=0.004) in CAD patients and control group respectively. A positive correlation was detected between TO and Gensini score (r=0.282, p=0.001) and a negative correlation detected between TS and Gensini score (r=-0.287, p=0.001).
Conclusion:
The study demonstrated that HRT variables are impaired in patients with stable CAD when compared to those in the control group, and that these variables also correlate with severity of CAD.
Amaç: Kalp hızı türbülansı (KHT) ventriküler erken atımlara (VEA) yanıt olarak sinüs ritmi siklüsündeki fizyolojik değişim-leri ifade eder ve anormal değerlerinin mortalite artışı ile iligili olduğu saptanmıştır. Çalışmamızda koroner arter hastalığın-da (KAH) KHT parametrelerini ve KAH'nin ciddiyeti ile arasın-daki ilişkiyi araştırmayı amaçladık. [1] Normally, sinus rate accelerates briefly and subsequently decelerates compared with the pre-VPC rate, before returning to baseline. These variations are believed to be mainly mediated by the cardiac autonomic nervous system. The pathophysiology is uncertain, but HRT has the same physiological mechanisms as ventriculophasic sinus arrhythmia, in which ventricular contractions influence the periods of sinus nodal discharges and arterial baroreflex responses are responsible for the fluctuations. [1] HRT is quantified by turbulence onset (TO) and turbulence slope (TS), TO referring to the amount of sinus acceleration following a VPC, and TS being the rate of sinus deceleration that follows the acceleration. [1] Various studies have shown that HRT impairment indicates cardiac autonomic dysfunction, especially impaired baroreflex sensitivity and reduced parasympathetic activity. [2] [3] [4] [5] [6] Moreover, a small number of studies have verified that an impairment of HRT reflects independent prognostic information in patients with post-myocardial infarction and congestive heart failure. [1, [6] [7] [8] [9] [10] Nevertheless, there is insufficient information on HRT parameters in patients with stable coronary artery disease (CAD) and its relationship with severity of the disease.
Yöntemler
This study aimed to investigate this issue by comparing HRT in a group of patients with stable CAD and frequent VPCs and a group of patients with no evidence of CAD or other structural cardiac abnormalities.
METHODS
The study comprised 58 patients with documented CAD who had ventricular premature complexes on 24-hour ambulatory Holter monitoring, normal ejection fraction (EF) and no history of myocardial infarction and revascularization (Group 1), and 52 patients with ventricular premature complexes, but with normal EF and coronary arteries (Group 2). Exclusion criteria were as follows: intraventricular conduction disorders, diseases known to impair the autonomic nervous system (Diabetes mellitus, hypertension), valvular heart disease, congestive heart failure and treatment with antiarrhythmic agents (Beta blockers etc.). The study was approved by the institutional review board.
Heart rate turbulence analysis
All subjects underwent 24 hour Holter monitoring using 3-channel tape recorders. Holter records were analyzed by cardiologists using the Holter device system (CardioScan Premier 12 Holter System, China). HRT analysis was assessed on sequences of sinus RR intervals related to VPCs showing the Schmidt criteria. [1] HRT was performed using standard parameters: [1] TO, early sinus acceleration after a VPC; and TS, a measure of the late sinus deceleration after a VPC. TO is obtained using the following formula: Figure 1 . Results of heart rate turbulence analyses. are the first and the second sinus RR intervals preceding the VPC. TS is calculated as the maximal positive slope among all slopes of a series of regression lines obtained from all sequences of 5 consecutive RR intervals included between the first and the 20 th RR interval following the compensatory post-VPC pause, and is expressed as ms/RR. TO ≥0% and TS ≤2.5 ms values are considered abnormal. [1] Severity and extent of CAD were evaluated using Gensini score, [11] following which the relationship between the findings and HRT parameters was investigated.
Statistical analysis
Results are expressed as mean±SD. Continuous variables were compared by analysis of variance, and differences in HRT variables between the groups were adjusted for other clinical variables by multivariate analysis of variance. Comparisons of proportions were done by the chi-square test, while correlation analyses were performed by the Pearson rank test. Statistical significance was assumed at p<0.05. Statistical analysis was performed using SPSS for MS Windows, version 15.
RESULTS
There was no significant difference between the two groups in terms of age and gender. Furthermore, mean EF was 60% in both groups. Demographic characteristics of the groups are given in Table 1 .
Heart rate turbulence
HRT parameters differed significantly between the groups. TO: -0.47±1.52% vs -1.61±2.0% (p=0.001) and TS: 4.7±3.0 vs 6.4±3.7 ms/RR (p=0.009) in Group 1 and Group 2 respectively. Also, given that turbulence onset ≥0% and turbulence slope ≤2.5 ms/ RR values are considered abnormal, there was significant ity of CAD and HRT parameters. The present study detected impaired HRT parameters in patients with hearts almost entirely normal structurally, and with no previous myocardial infarction.
This study also showed HRT parameters in patients with CAD with normal EF and no history of myocardial infarction and revascularization to be abnormal compared to the control group. Although the majority of these low-risk patients have a good prognosis, impaired HRT values can indicate increased mortality risk. Hence, these findings may be of assistance in treatment strategy decisions and patient follow-up. HRT has been included in the literature more recently, and we demonstrated impaired results in CAD patients. Thus, our findings suggest that using HRT in the clinic may be reliable. However, long-term multicenter studies are needed to validate the clinical availability of HRT in the diagnosis of CAD.
Conclusion
Impaired HRT results provide important information about the risk of overall mortality and sudden cardiac death. In previous studies, the relationship between HRT and several clinical forms of CAD has been demonstrated, but data is lacking on the issue of stable CAD. This study presented the impairment of HRT parameters in stable CAD and its relationship with CAD severity.
Study limitations
One limitation of our study is the inclusion of a relatively small number of patients. Secondly, long-term follow-up studies investigating the role of impaired HRT on the cardiovascular system are needed to evaluate the prognostic importance of our results.
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difference between the two groups; TO abnormal: 27 (46.6%) vs 7 patients (13.5%), p=0.001; TS abnormal: 15 (25.9%) vs 4 patients (7.7%), p=0.004 in Group 1 and 2 respectively (Figures 1, 2) . In Group 1, the highest Gensini score was 165 and the lowest 4, with the average being 47.3±34.0. A positive correlation was detected between TO and Gensini score (r=0.282, p=0.001) and a negative correlation was detected between TS and Gensini score (r=-0.287, p=0.001). Patient HRT parameters are shown in Table 2 .
DISCUSSION
In clinical terms, HRT is defined as a baroreflex-mediated biphasic reaction of heart rate in response to premature ventricular beats. Abnormal HRT shows patients with autonomic dysfunction or impaired baroreflex sensitivity due to a variety of disorders, but it may also reflect changes in the autonomic nervous system induced by different therapeutic modalities such as drugs, neural diseases (e.g. diabetes mellitus), or cardiac failure. More importantly, abnormal HRT has been shown to identify patients at high risk of all-cause mortality and sudden death, particularly post-infarction and congestive heart failure patients. It should be emphasized that abnormal HRT has a wellestablished role in risk stratification of post-infarction and heart failure patients. [1, [6] [7] [8] 13] Ongoing clinical trials may possibly indicate that HRT can be used as a guide for the implantation of cardioverter-defibrillators. [8, 10] In the present study, it was demonstrated that HRT variables are impaired in patients with stable CAD when compared to those in subjects without CAD. Furthermore, this impairment was found to be associated with severity of CAD, and that TO was positively and TS negatively correlated with Gensini score. Thus, the findings show a worsening of HRT parameters with increasing severity of CAD. HRT changes were independent predictors of the variables, such as left ventricular function and previous infarction. A small number of studies have verified that impairment of HRT reflects independent prognostic information in patients with post-myocardial infarction and congestive heart failure. [1, [6] [7] [8] 13] Only one study, that by Sestito et al., [12] has investigated the role of HRT parameters in patients with stable CAD. They showed impaired HRT values in 29 CAD patients who had previous myocardial infarction and reduced EF, but they did not evaluate the relationship between sever-
